Partial amino acid sequences for selected amelogenin polypeptides isolated from the developing enamel of cow, pig and human foetuses are reported. It was found that there was an identity of sequence for the initial 28 residues of the polypeptides analysed, irrespective of their origin or size. A tyrosine-rich polypeptide was shown to be the N-terminal fragment of the principal higher-molecular-weight amelogenins, although a leucine-rich polypeptide of similar size was not identified in any other amelogenin structure. The findings demonstrate a striking degree of sequence conservation for the amelogenin proteins of the extracellular enamel matrix and support the concept of a discrete fragmentation of an initial 30000Da amelogenin molecule during the mineralization of the enamel.
recently, Termine et al., (1980) have described dissociative extraction and isolation procedures for the bovine amelogenins. A description of the sizes and compositions of the principal molecular species has been presented (Fincham et al., 1981b) and complete sequence data for two lower-molecularweight (5000-6000) amelogenin polypeptides have been reported (Fincham et al., 1981b) . Apart from these studies of bovine amelogenins, Fukae et al. (1980) have reported partial sequences for porcine amelogenins, and compositional data for foetal human amelogenins have recently been obtained (Fincham et al., 1982b) .
These and other related studies have made it clear that during the mineralization of the enamel there is a gradual degradation of amelogenin molecules of some 30000-40000Da and the appearance of a complex of lower-molecular-size species (Belcourt et al., 1982; Fincham et al., 1982c) . Among the latter, two major forms have been described, the leucinerich (LRAP) and the tyrosine-rich (TRAP) amelogenin polypeptides. Sequence data for these two polypeptides have shown that the initial 33 residues are identical for both forms, with enrichment in leucine or tyrosine being expressed only in the C-terminal regions of the 45-46-residue peptides. These sequences were shown to differ significantly from earlier, incomplete, bovine enamel sequence data Papas et al., 1977) , but were closely related to the partial sequence data reported for porcine amelogenins (Fukae et al., , 1980 and to that reported for the bovine amelogenin polypeptide partially sequenced by Zalut etal. (1980) .
In the present study we report the sequence data for the N-terminal segments of several of the higher-molecular-weight bovine amelogenins, together with data for TRAP-like molecules isolated from both pig and human developing enamel. These studies reveal some striking homologies between the species studied.
Materials and methods Enamel-matrix isolation
Bovine and porcine enamel-matrix proteins were isolated from foetuses 5-7 months in utero after guanidinium chloride extraction as described by Termine et al. (1980) . Human enamel-matrix proteins were obtained by dilute-acetic acid extraction of enamel scrapings from foetal deciduous teeth removed 28 to 30 weeks in utero as described elsewhere (Fincham et al., 1982b) .
Gel-exclusion chromatography
The primary fractionation of the matrix proteins was carried out on tandem columns of Bio-Gel P30 (Bio-Rad Laboratories, Richmond, CA, U.S.A.) eluted with 0.1 M-formic acid at 100C as previously described (Fincham et al., 1982a) . The fractions isolated from the Bio-Gel P30 columns were further purified and characterized as to molecular size by chromatography on calibrated columns of (Pharmacia Fine Chemicals, Piscataway, NY, U.S.A.) in 4 M-guanidinium chloride (Termine et al., 1980) . Preparative and analytical electrophoresis Analytical polyacrylamide-gel electrophoresis was conducted with both the SDS/urea and Tris/borate/ urea gel systems as described previously (Termine et al., 1980; Fincham et al., 1972) . LRAP material and the principal electrophoretic component of the 27000Da bovine amelogenin complex ('Component-8'; Fincham, 1979) were isolated by preparative electrophoresis in the Tris/borate/urea system as described by Fincham et al. (1981b) . Amino acid analyses Amino acid compositions were determined on a Durrum D-500 amino acid analyser as previously described (Termine et al., 1980 (Tarr et al., 1978) . Amino acid phenylthiohydantoin derivatives were identified by high-pressure liquid chromatography (Bhown et al., 1981) and also by t.l.c. (Inagami & Murakami, 1972) . Arginine and histidine phenylthiohydantoin derivatives were identified in the water layer with the phenanthrenequinone spot test and the Pauly diazo reagent respectively. Repetitive yields of amino acid phenylthiohydantoin derivatives, calculated by using the data from Leu-3 and Leu-20, were in general 94-99%.
Results
The chromatographic profiles for the Bio-Gel P30 and Sephacryl S-200 fractionations were presented previously (Fincham et al., 198 la, 1982a,b) . Several purified column fractions from bovine, human and porcine enamel matrix were each subjected to automatic Edman degradation. Each of these protein fractions appeared as a single band on SDS/ urea/polyacrylamide-gel electrophoresis and as a single chromatographic peak when subfractionated on the Sephacryl S-200/guanidinium chloride columns. The data for the determination of the sequences of bovine TRAP and LRAP were reported previously (Fincham et al., 198 lb) . A summary of the terminology for these amelogenins, together with the number of residues sequenced, is given in Table 1 . (Belew et al., 1978) . t In the Tris/borate/urea system (Fincham et al., 1972) . All preparations gave a single band in the SDS/urea/ polyacrylamide-gel system (Termine et al., 1980) . 
It was noted that the fraction 'Component-8' (Table 1) represented the principal electrophoretic component seen in the multiple-banded pattern obtained when the bovine Sephacryl S-200B fraction was analysed in the Tris/borate/urea system. Both the Sephacryl S-200B fraction and Component-8 appeared as a single band in the SDS/urea polyacrylamide-gel system. Similarly, the bovine Bio-Gel P30-D fraction was seen to be homogeneous by SDS/ureafpolyacrylamide-gel electrophoresis, but to comprise two to four bands when seen in the Tris/borate/urea system.
The bovine sample S-200B' and the human samples I and J were sequenced as far as residues 10, 33 and 30 respectively, but insufficient material or heterogeneity (in the case of the S-200B' sample) prevented further analysis of these fractions. In sequencing the S-200B' fraction, alanine and proline were detected as minor residues in cycles 1 and 4 respectively. All other cycles showed the major residues reported, with less than a 10% level of contamination being observed. Nevertheless, the limited data obtained from these samples provides a wider insight into the patterns of amelogenin sequences.
The sequences found for the several amelogenins are presented in Fig. 1, together Table 2 .
Discussion
An examination of the data of Fig. 1 shows that, apart from some uncertainty in determinations for residues 6 and 9 (probably due to difficulties in determination of the histidine phenylthiohydantoin derivative), the N-terminal sequences of all of the amelogenins, with the notable exception of the S-200B' fraction, are identical up to Gln-27. The bovine sample LRAP shows an identity with the other bovine fractions as far as Pro-33 and then exhibits a sequence not seen in any other amelogenin so far analysed. Porcine fraction G is identical with bovine TRAP as far as determined (Pro-41), with the notable substitution of asparagine for serine at residue 28 and uncertainty regarding residues 35 and 36. The TRAP sequence appears to be the The longest sequence determined, 53 residues of the bovine Component-8 material, shows this fraction to have the 45-residue TRAP sequence as its N-terminus. However, the 46-residue LRAP sequence, distinctive beyond residue 33, was not identified in any other amelogenin; the origin of this major low-molecular-weight amelogenin is unclear, although the presence of the N-terminal common 33-residue section suggests that this polypeptide may also be derived from the N-terminus of some larger, and as yet unidentified, amelogenin molecule. Alternatively, the LRAP sequence may arise from a different part of the 27000Da amelogenin structure. Further, it should be noted that an equivalent leucine-rich amelogenin has been isolated from the enamel matrix of other mammalian species (Fincham et al., 1982a) .
Comparison of sequences between the three species studied (Fig. 1) , together with the data of Fukae et al. (1980) , shows a striking degree of conservation of structure, with the first 27 residues being identical [although Fukae et al. (1980) give residues 14 and 27 as aspartic acid and glutamic acid respectively rather than the amides determined in the present study]. Residue 28 was found to be asparagine in the porcine fraction G, as compared with serine in the bovine and human sequences. The most striking difference of sequence was seen in the human amelogenins, where an inversion of residues 29 and 30 from Met-Ile in the pig and cow to Ile-Met was noted. Further, in the human fraction I the continuation appeared different from that in the pig or cow, with a -Pro-Pro-Tyr-sequence being found in positions 31 to 33.
As has been noted above, the S-200B fraction (Mr 27 000) appears as a single band when electrophoresed in SDS-containing systems, but as multiple bands in non-SDS-containing electrophoretic systems, such as the Tris/borate/urea gels used in the present study. Against these observations it is important to note that the N-terminal sequence found for the S-200B fraction is identical with that of Component-8. These observations suggest that the multiple electrophoretic components of the S-200B fraction have common N-terminal sequences and that the cause of the electrophoretic heterogeneity may be in small variations at the C-terminal ends of these polypeptides, or in variations in charged side-chain groupings, as yet undetermined.
The findings of the present study support the view that the lower-molecular-weight amelogenins arise by a discrete fragmentation of the higher-molecular-weight molecules (Chrispens et al., 1979; Fukae et al., 1980; Fincham et al., 198 la, 1982a,c) .
Although it has been suggested that this degradation is enzymically mediated , the nature and specificity of such an 'amelogeninase' awaits further clarification. However, inspection of the sequence data presented here, together with previous findings (Fincham et al., 198 lb) , indicate possible cleavage sites for the bovine amelogenins as being Gly-43-Gly-44, and in the LRAP sequence, Leu-42-Pro-43. The high level of conservation of the amelogenin sequence between species suggests as discrete biological function, and although the hydrophobic nature of the N-terminal section shows some similarity to 'signal' peptide sequences (Kreil, 1981) , the precise role of this sequence still in covalent linkage with the 27 000 Da amelogenin of the extracellular matrix has still to be established.
